Background: The physical environment may play a crucial role in promoting older adults' walking for transportation. However, previous studies on relationships between the physical environment and older adults' physical activity behaviors have reported inconsistent findings. A possible explanation for these inconsistencies is the focus upon studying environmental factors separately rather than simultaneously. The current study aimed to investigate the cumulative influence of perceived favorable environmental factors on older adults' walking for transportation. Additionally, the moderating effect of perceived distance to destinations on this relationship was studied. Methods: The sample was comprised of 50,685 non-institutionalized older adults residing in Flanders (Belgium). Cross-sectional data on demographics, environmental perceptions and frequency of walking for transportation were collected by self-administered questionnaires in the period 2004-2010. Perceived distance to destinations was categorized into short, medium, and large distance to destinations. An environmental index (=a sum of favorable environmental factors, ranging from 0 to 7) was constructed to investigate the cumulative influence of favorable environmental factors. Multilevel logistic regression analyses were applied to predict probabilities of daily walking for transportation. Results: For short distance to destinations, probability of daily walking for transportation was significantly higher when seven compared to three, four or five favorable environmental factors were present. For medium distance to destinations, probabilities significantly increased for an increase from zero to four favorable environmental factors. For large distance to destinations, no relationship between the environmental index and walking for transportation was observed. Conclusions: Our findings suggest that the presence of multiple favorable environmental factors can motivate older adults to walk medium distances to facilities. Future research should focus upon the relationship between older adults' physical activity and multiple environmental factors simultaneously instead of separately.
Background
Physical inactivity is a major threat to the physical, mental and social health of the growing population of older adults (≥ 65 years) [1] [2] [3] [4] . Walking for transportation is a healthy and acceptable activity that is easy to integrate in an older adult's daily routine (e.g. walking to a shop) [5] . Ecological models state that, in order to promote walking for transportation, interventions should target individual as well as physical, social and policy environmental factors [6] [7] [8] . Physical environmental factors are especially relevant for older adults as age-related functional limitations can cause problems in overcoming physical barriers (e.g. distance, obstacles, etc.) [9] [10] [11] .
A systematic review retrieved six studies on the relationship between the physical environment and older adults' transportation walking. These studies showed inconsistent results concerning the relationships between walking for transportation and access to public transport, presence and quality of walking facilities, traffic-and crime-related safety and aesthetics [12] . A possible explanation for these inconsistencies is the focus on studying relationships between walking for transportation and multiple environmental factors separately instead of combined. It seems plausible that older adults' walking for transportation is not influenced by merely the presence of one favorable environmental factor (e.g. an even sidewalk). Rather, it may be the cumulative influence of multiple favorable environmental factors (e.g. an even sidewalk, safe crossings, safety from crime, etc.) that affect older adults' choice to walk or not in a certain environment. For example in adults, Sallis and colleagues [13] reported that the presence of at least four favorable environmental factors was required to find a significant relationship with overall physical activity levels.
In several recent studies the objective and perceived presence of nearby destinations (e.g. shops, services, etc.) appeared to be a strong positive predictor of older adults' walking for transportation [14] [15] [16] [17] . For example, Frank and colleagues [14] reported residents of high-walkable neighborhoods (many destinations within walking distance) to be twice as likely to walk for transportation compared to residents of low-walkable neighborhoods (few destinations within walking distance). However, distances to destinations are difficult to modify in existing neighborhoods. Therefore, it is crucial to know whether the presence of one or more favorable and modifiable environmental factors can stimulate older adults to walk even when destinations are located further away. According to Alfonzo's "Hierarchy of walking needs" access/distance to destinations is the most basic need that has to be fulfilled before an older adult will walk for transportation [18] . Consequently, other environmental factors can be expected to be unrelated to older adults' walking for transportation in areas where access to destinations is low.
To our knowledge, no previous study has investigated the cumulative influence of environmental factors on older adults' PA behaviors, neither has a study focused upon the possible moderating effect of distance to destinations. Therefore, the current study aimed to investigate the cumulative influence of the perceived presence of favorable environmental factors on older adults' walking for transportation. It was hypothesized that there exists a cumulative influence of perceived favorable environmental factors on older adults' walking for transportation, such that when more favorable environmental factors were present, older adults would walk for transportation more often. Additionally, the moderating effect of perceived distance to destinations on this relationship was studied. We hypothesized that the cumulative influence of the perceived presence of favorable environmental factors on older adults' walking for transportation would disappear when perceived distance to destinations was large.
Methods

Sampling and data collection
Data were derived from the Belgian Ageing Studies (BAS). Detailed information on data collection has been reported previously [17, [19] [20] [21] . Briefly, non-institutionalized persons aged 60 years or older were randomly sampled, stratified for age and gender, from the population registers of the participating municipalities. Municipalities were not selected randomly, they could freely decide to participate in the study. Consequently, the final sample was not representative at a national level, but every sample was representative for the specific municipality. The participating 142 municipalities did not differ in average yearly income/inhabitant (16452 euros) from the average of all 308 Flemish municipalities (16323 euros), but were more densely populated (572 vs. 457 inhabitants/km 2 ). Peer research methodology was used to collect data. This means that older adults were not only involved in the study as participants but that they were also actively involved in the research process, i.e. they collected the data. Older volunteers were recruited within their municipalities and attended several training sessions. These older volunteers delivered and collected self-administered questionnaires in their peer group. If requested, questionnaires were available in six other languages than Dutch: French, Spanish, Arabic, Russian, Turkish, and Italian. Peer research minimizes social desirability and results in more complete questionnaires and higher response rates [22] . In the present study, response rates ranged from 65 to 85%, depending on municipality. 67,563 community-dwelling persons within 142 of the 308 municipalities in the region of Flanders (Belgium) agreed to participate. Data collection was performed between 2004 and 2010.
Consistent with the definition of older adults in international PA guidelines [2] , only respondents aged ≥ 65 years were included, resulting in a final sample of 50,685 older adults within 142 municipalities. The study was approved by the ethical committee of the hospital of the Vrije Universiteit Brussel (B.U.N. 143201111521, 17/07/2011).
Measures
Demographic variables
The following demographic covariates were assessed: age, gender, marital status, educational level and monthly income. Number of functional limitations was also assessed since they have been shown to be related to older adults' PA behaviors [23, 24] . Number of functional limitations were measured by asking whether or not participants were limited in performing the following seven activities of daily living: vigorous activities, moderate activities, climb several flights, bend/kneel, walk one block, bath/dress, and household chores. These seven items are similar to the "physical functioning" subscale of the validated SF-36 [25, 26] . Activities in which participants reported to be limited were summed to obtain "number of functional limitations".
Walking for transportation
Walking for transportation was assessed by the following question: "How often do you walk for transportation?" Respondents answered on a 5-point scale ranging from "never" to "almost daily". Consistent with the international guidelines of being moderately-to-vigorously physically active on at least 5 days/week [2] scores were dichotomized into "almost daily walking for transportation" versus "less than almost daily walking for transportation". For reasons of convenience and readability the dependent variable was entitled "daily walking for transportation".
Environmental variables
Municipalities' residential densities in 2008 were obtained from the Study Service of the Flemish Government [27] . Municipalities were categorized as rural (residential density ≤ 150 inhabitants/km 2 ), semi-rural (150-300 inhabitants/km 2 ), semi-urban (300-600 inhabitants/km 2 ) and urban (> 600 inhabitants/km 2 ) [28] . As rural areas are scarce in Flanders, rural and semi-rural areas were collapsed into one category "rural areas".
To investigate the cumulative influence of perceived favorable environmental factors (measured at the individual level), an environmental index was constructed. This environmental index included the following seven environmental factors: (1) absence of high curbs, presence of (2) different shops and services, (3) benches, (4) crossings, (5) bus stops, and (6) street lighting, and (7) safety from crime. These environmental factors were included in the index because they were positively related or unrelated to walking for transportation in a previous analysis on the same dataset [17] . The included perceived environmental factors variables were assessed as follows. (1) Absence of high curbs was assessed through: "How applicable is the following statement to your neighborhood? There are high curbs present in and around my house". A 5 point-scale ranging from "completely not applicable" to "completely applicable" was provided. (2) Presence of 13 different kinds of shops and services (e.g. grocery store, pharmacy, post office…), (3) benches, (4) crossings, (5) bus stops and (6) street lighting were measured by a single-item question: "Are the following facilities sufficiently present in your neighborhood?" Answer categories were "yes" or "no". Responses on answers concerning the presence of 13 different kinds of shops and services were summed to create the variable "number of shops". (7) Safety from crime was measured by the "Elderly Feelings of Unsafety" (EFU) scale [19] . Ordinal and quantitative perceived environmental factors were dichotomized around their median. The seven included factors were dummy coded such that value "1" represented the anticipated favorable aspect of the environmental factor to be present (e.g. no curbs present, benches present, safe from crime). The environmental index was constructed by summing the dummy coded scores on the seven environmental variables. Hence, the environmental index ranged from zero (no favorable environmental factors were present) to seven (all favorable environmental factors were present).
Perceived distance to destinations was assessed through: "How applicable is the following statement to your neighborhood? Facilities (e.g. shop, bank, etc.) are located within short distances from my home." A 5 point-scale ranging from "completely inapplicable" to "completely applicable" was provided. Scores 1-2, 3-4 and 5 were recoded into "large", "medium" and "short distances to facilities", respectively.
Analysis
Taking account of the hierarchical data structure (participants nested within municipalities), multilevel analyses (i.e. mixed models) were applied using the MLwiN 2.24 software. All variables were measured at the individual level, except for residential density (area of residence) which was measured at the municipality-level. Logistic regression was used to predict probabilities of daily walking for transportation. Model parameter estimates were obtained via Markov Chain Monte Carlo (MCMC) procedures applying an orthogonal parameterization. First, the separate relationships between the seven environmental variables and walking for transportation were analyzed and odds ratios with corresponding Bayesian confidence intervals were reported. Secondly, a model was built including the environmental index, distance to destinations and their interaction terms. During data exploration, a curvilinear relationship was observed between the environmental index and probabilities of daily walking for transportation. Therefore, a quadratic term was added to the model (indicated as environmental index 2 ). The effects of the index were interpreted by using predicted population-averaged probabilities [29] [30] [31] . To mutually compare the 24 predicted probabilities (3 distance categories × 8 possible scores on the environmental index), 95% confidence intervals are presented in table and graph format. All analyses were adjusted for gender, age, marital status, number of functional limitations, education, monthly income and area of residence (rural, semi-urban or urban). MLwiN uses listwise deletion, consequently, participants with missing data on any variable in the model were not included in the analysis. This resulted in the inclusion of 27,693 participants in the final model. Participants included were less likely to be female (60.0 vs. 51.7% females), slightly younger (73.7 vs. 74.8 years), better educated (12.6 vs. 6.8% had tertiary education), and walked more (38.4 vs. 32.4% walked for transportation daily) compared to those that were not included. Significance level was set at 0.05.
Results
Descriptive statistics
Descriptive statistics are presented in Table 1 . Participants reported a mean of 4.7 (± 1.6) favorable environmental factors to be present in their neighborhood. 54.3% of the participants perceived facilities to be within short distances from their home. 34.9% of the participants reported to walk for transportation daily.
Separate relationships between the seven environmental variables and walking for transportation
The following four environmental variables were significantly positively related to walking for transportation: presence of bus stops, street lighting, number of shops and safety from crime. No significant relationships were observed for absence of high curbs and presence of benches and crossings (see Table 2 ).
Relationships between the environmental index and walking for transportation and the moderating effect of distance to destinations Table 3 presents the results of the full model. Predicted probabilities and 95% confidence intervals of daily walking for transportation by environmental index and distance to destinations are presented in Table 4 and displayed graphically in Figure 1 . Probabilities of daily walking for transportation were significantly higher for participants living within short distances (prob. ranging from 0.36 -0.42) compared to medium (prob. ranging from 0.22 -0.31) and large distances to facilities (prob. ranging from 0.23 -0.28). A significant interaction effect between the environmental index and distance to destinations was observed. Therefore, the results are described separately for each category of perceived distance to destinations. 
Short distance to destinations
Within short distances to facilities, the largest probabilities were observed for the presence of 0 and 7 favorable environmental factors. However, for a low number of favorable environmental factors confidence intervals were wide (e.g. for 0 favorable environmental factors 95% C.I.: 0.36, 0.49). Probabilities of daily walking for transportation started to increase when at least five favorable environmental factors were present such that the probability of daily walking for transportation was significantly higher for seven (prob. 
Medium distance to destinations
For medium distance to destinations, probabilities significantly increased from 0. 95% C.I.: 0.27, 0.31) and seven (prob.= 0.26; 95% C.I.: 0.24, 0.29) favorable environmental factors, but this decrease was not significant. If a maximum of two favorable environmental factors were present no significant differences in probabilities of daily walking for transportation were observed between participants who perceived distance to destinations to be medium (prob.= 0.28; 95% C.I.: 0.26, 0.31) versus large (prob.= 0.27; 95% C.I.: 0.25, 0.29). If more than two favorable environmental factors were present, probabilities were significantly higher for perceived medium distance compared to large distance to destinations. However, when seven favorable environmental factors were present no significant difference in probabilities of daily walking for transportation between medium (prob.= 0.26; 95% C.I.: 0.24, 0.29) and large distance to destinations (prob.= 0.23; 95% C.I.: 0.20, 0.26) was observed.
Large distance to destinations
For large distance to destinations, a non-significant decrease from 0.28 (95% C.I.: 0.23, 0.34) to 0.23 (95% C.I.: 0.20, 0.26) in the probability of daily walking for transportation was observed for an increase from zero to seven favorable environmental factors.
It should be noted that for medium and large distances the uncertainty for lower and higher scores on the index is larger because of widening confidence intervals.
Discussion
To our knowledge this is the first study to investigate the cumulative influence of favorable environmental factors on older adults' walking for transportation by categories of perceived distance to destinations. Our hypothesis that there is a cumulative effect of favorable environmental factors on older adults' walking for transportation was partially confirmed by our findings. A cumulative relationship was observed when participants lived within short, but especially within medium distance to destinations. However, in line with our second hypothesis, a cumulative relationship was absent when participants lived within large distance to destinations.
Independent of the presence of other favorable environmental factors, participants living within short distance to destinations were more likely to walk daily for transportation. This is consistent with several recent studies reporting a positive relationship between older adults' walking for transportation and the perceived and objective presence of nearby facilities [14] [15] [16] . Hence, recent changes in local communities' structures, particularly in terms of the closure of facilities and services (e.g. post offices, bakeries) [32] , might negatively affect older adults' walking for transportation. An increase in probabilities of daily walking for transportation was only observed when at least seven favorable environmental factors were present. It seems that a short distance to destinations is an important facilitator of walking for transportation and that an accumulation of multiple favorable environmental factors (seven in the current study) are needed to further stimulate walking for transportation.
A clear cumulative effect of favorable environmental factors was observed among participants who perceived facilities to be located within medium distances from their homes. Our findings showed that at least four favorable environmental factors needed to be present to find a significant influence on older adults' walking for transportation. The presence of additional favorable environmental factors did not further increase probabilities of daily walking for transportation. This is similar to the results reported by Sallis and colleagues [13] who found that at least four favorable environmental factors needed to be present to find a significant relationship with total PA levels in adults. Two very recent studies also reported similar (curvilinear) dose-response relationships between environmental indices and adults' total sitting time, motorized transport [33] and walking and cycling for transportation [34] . Our findings suggest that a favorable walking environment can motivate older adults to walk moderate distances to facilities. However, they also suggest that the modification of single environmental characteristics are unlikely to result in increasing levels of older adults' walking for transportation unless other favorable environmental factors are already in place. This implies that environmental programs to promote walking for transportation should apply different strategies depending on the target area. How many and which environmental factors should be modified will depend on the environmental features that are already present. Based upon our findings it is not possible to state if certain combinations of environmental factors are more or less effective to promote walking for transportation compared to other combinations. Future research is needed to investigate this issue.
No relationship between the presence of favorable environmental factors and daily walking for transportation was observed if participants perceived distance to destinations to be large. Apparently, a large distance to destinations forms such a strong deterrent to daily walking for transportation that it cannot be overcome by the presence of multiple favorable environmental factors. Similarly, other deterrents (e.g. low perceived safety from crime) that cannot be overcome by the presence of one or more favorable environmental might exist. Such interaction effects should be investigated in future research. Promoting walking for transportation by means of environmental modifications in areas with restricted access to destinations might involve supporting maintenance of local shops and services and attracting new shops and services (e.g. through tax incentives). Furthermore, the possibility of changing older adults' perception of a "walkable" distance and its effects on walking for transportation should be explored.
Several strengths and weaknesses of this study should be considered. A first strength is the investigation of the cumulative influence of multiple favorable environmental factors on older adults' walking for transportation rather than the influence of each environmental factor separately. Studying the moderating effect of distance to destinations on this relationship is another innovation in this research area. Secondly, these analyses were carried out on a large sample of older adults. However, despite the large sample size, caution is needed while interpreting the results. Few participants reported a low and high number of favorable environmental factors which resulted in a widening of the confidence intervals for these values. Future research including very unfavorable and favorable walking environments is needed to confirm current findings. Furthermore, residential densities in the participating municipalities were higher than in the average Flemish municipality. Since Flanders is already a very densely populated region, research in other (less dense) countries is needed to confirm current findings. This emphasizes the need for (international) studies which cover a wide variety of environmental contexts. A second limitation is the absence of information on the psychometrics of the measure of walking for transportation. Furthermore, this measure captured frequency but not duration or intensity of walking for transportation. Thirdly, this study relied on subjective rather than objective environmental measures on a limited set of environmental factors. For example, this study did not include a measure of aesthetic features of the environment. Finally, inferring causal conclusions is not possible because of the cross-sectional study design.
In conclusion, there appears to be a cumulative influence of physical environmental factors on older adults' walking for transportation. However, this relationship was moderated by distance to destinations. These cumulative effects of and interaction effects between environmental factors offer a possible explanation for the inconsistencies between previous studies [12] . Our findings highlight the need for future research to study the relationship between older adults' PA and multiple environmental factors simultaneously instead of separately. Further research should reveal which combinations of environmental factors need to be present to optimally stimulate older adults' walking for transportation in areas with different access to facilities. If the current findings are confirmed, interventions should not only target multiple levels, such as the person within his social, physical and policy environment [8] , but also multiple factors within the physical environment.
